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(54) Polishing apparatus 

(57) A polishing apparatus is used for polishing a 
workpiece such as a semiconductor water to a flat mir- 
ror finish. The polishing apparatus comprises a turnta- 
ble having a polishing surface, and a top ring having a 
pressing surface for holding a workpiece to be polished 
and pressing the workpiece against the polishing sur- 
face of the turntable. At feast one of the polishing sur- 
face of the turntable and the pressing surface of the top 
ring Is a curved surface such as a convex surface or a 
concave. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention: 

The present invention relates to a polishing appara- 
tus for polishing a workpiece, and more particularly to a 
polishing apparatus for polishing a workpiece such as a 
semiconductor wafer to a flat min-or finish. 

Description of the Related Art: 

Recent rapid progress in semiconductor device 
integration demands smaller and smaller wiring pat- 
terns or interconnections and also narrower spaces 
between interconnections which connect active areas. 
One of the processes available for forming such inter- 
connection is photolithography. Though the photolitho- 
graphic process can form interconnections that are at 
most 0.5 iivn wide, it requires that surfaces on which 
pattern images are to be focused by a stepper be as flat 
as possible because the depth of focus of the optical 
system is relatively small. Conventionally, as appara- 
tuses for planarizing semiconductor wafers, there have 
been used a self-planarizing CVD apparatus, an etching 
apparatus or the like, however, these apparatuses fail to 
fully pianarize semiconductor wafers. Recently, 
attempts have been made to use a polishing apparatus 
for planarizing semiconductor wafers to a flatter finish 
with more ease than those conventional planarizing 
apparatus. 

Conventionally, a polishing apparatus has a turnta- 
ble and a top ring which rotate at respective individual 
speeds. A polishing cloth is attached to the upper sur- 
faoe of the turntable. A semiconductor wafer to be pol- 
ished Is placed on the polishing doth and clamped 
between the top ring and the turntable. An abrasive liq- 
uid containing abrasive grains is supplied onto the pol- 
ishing cloth and retained on the polishing doth. During 
operation, the top ring exerts a certain pressure on the 
turntable, and the surface of the semicorxiuctor wafer 
hekj against the polishing cloth is therefore polished by 
a combination of chemical polishing and mechanical 
polishing to a flat mirror finish while the top ring and the 
turntable are rotated. This process is called Chemical 
Mechanical polishing. 

Attempts have heretofore been made to apply an 
elastic pad of polyurethane or the like to a workpiece 
holding surface of the top ring for uniformizing a press- 
ing force applied from the top ring to the semiconductor 
wafer. If the pressing force applied from the top ring to 
the semiconductor wafer is uniformized, the semicon- 
ductor wafer is prevented from being excessively pol- 
ished in a local area, and hence is polished to a highly 
flat finish. 

The polishing apparatus is required to have such 
performance that the surfaces of semiconductor wafers 



have a highly accurate flatness. Therefore, it is prefera- 
bie that the lower end surface of the top ring which hokis 
a semiconductor wafer, and the contact surtece of the 
polishing cloth which is held in contact with the semi- 

5 conductor wafer, and hence the upper surface of the 
turntable to which the polishing cloth is attached, have a 
highly accurate flatness, and those highly accurately flat 
surfaces which are kept parallel to each other in cooper- 
ation with a gimbal mechanism of the top ring unit have 

10 been used in the art. 

In order to prevent a polishing surface, i.e., an 
upper surface of the turntable from being deformed into 
an upwardly convex shape due to frictional heat gener- 
ated in a polishing process, there has been proposed a 

15 technique in which the turntable comprises an upper 
plate and a k>wer plate which are laminated and made 
up of materials having different coefficient of thermal 
expansion. Specifically, the coeffident of thermal 
expansion of the upper plate is smaller than that of the 

20 lower plate, and even if temperature of the turntable is 
raised due to frictional heat generated in the polishing 
process, the upper and lower plates expand equally 
because there is a temperature difference between the 
upper plate and the lower plate, thus keeping the upper 

25 surface (the polishing surface) of the turrrtat)le flat. As a 
result, both of the lower end surface of the top ring and 
the upper surface of the turntable are kept flat, and par- 
allelism of both surfaces is maintained in cooperation 
with a gimbal mechanism of the top ring unit. 

30 Further, for solving this kind of problem, there has 
been proposed another technique in which the upper 
surface of the turrrtable is deformed into an upwardly 
convex shape due to frictional heat generated in the pol- 
ishing process, and the lower end surface of the top ring 

35 (or carrier) is caused to be deformed into a concave 
shape opening toward the bowed turntcit^le by evacuat- 
ing air in the chamber formed in the top ring so as to 
conform to the kxwed turntable. Thus, the upper surface 
of the turntable and the lower end suriace of the top ring 

40 are kept parallel to each other for improving polished 
wafer flatness. 

Efforts have been made to find an ideal polishing 
surface, i.e., an ideal upper surface of the turntable 
andJor an ideal pressing suriace. i.e., an ideal lower end 

45 surface of the top ring by inventors of the present appli- 
cation. It is found by the inventors that the upper surface 
of the turntable and the lower end surface of the top ring 
which are not necessarily flat are desirable. 

so SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 
provide a polishing apparatus which can polish a work- 
piece such as a semiconductor wafer to a flat mirror f in- 
55 ish over the entire surfece thereof even if the workpiece 
has a large diameter. 

According to one aspect of the present invention, 
there is provkied an apparatus for polishing a surface of 
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a vworkpiece. the apparatus comprising: a turntable hav- 
ing a polishing surface; and a top ring having a pressing 
surface for holding a workpiece to be polished and 
pressing the workpiece against the polishing surface of 
the turntable; wherein at least one of the polishing sur- 5 
face of the turntable and the pressing surface of the top 
ring is a curved surface. 

According to another aspect of the present inven- 
tion, there is provided an apparatus for polishing a sur- 
face of a workpiece, the apparatus comprising: a 10 
turntable having a polishing surface; and a top ring hav- 
ing a pressing surface for holding a workpiece to be pol- 
ished and pressing the workpiece against the polishing 
surface of the turntable; wherein the polishing surface of 
the turntable is a spherical convex surface having a is 
radius of curvature ranging from 500 to 5,000 m. 

The polishing surface of the turntable is defined as 
"a surface to which a polishing doth is attached if the 
polishing cloth is used or a surface which contacts a 
workpiece directly if the polishing cloth is not used." The 20 
pressing surface of the top ring is defined as "a surface 
to which an elastic pad is attached if the elastic pad is 
used or a surface which contacts the workpiece directly 
if the elastic pad is not used". 

According to the present Invention, the polishing 25 
pressure which is applied to the workpiece clamped 
between the pressing surface, i.e., the lower end sur- 
face of the top ring and the polishing surface, i.e.. the 
upper surface of the turntalDle can be unifcrmized over 
the entire surface of the workpiece. Therefore, the local 30 
area of the workpiece is prevented from being polished 
excessively or insufficiently, and the entire surface of 
workpiece can thus be polished to a flat mirror finish. In 
the case where the present Invention is applied to sem- 
iconductor manufacturing processes, the semiconduc- 35 
tor devices can be polished to a high quality, and yields 
of the semiconductor devices can be increased. 

The above and other objects, features, and advan- 
tages of the present invention will become more appar- 
ent from the following description when taken in 40 
conjunction with the accompanying drawings in which a 
preferred embodiment of the present invention is shown 
by way of illustrative example. 

BRIEF DESCRIPTION OF THE DRAWINGS 45 

FIG. 1 is a schematic view of a polishing apparatus 
according to an emtxxJiment of the present inven- 
tion; 

FIG. 2 is a schematic view of a turntable having a so 
slightly convex surface according to an embodiment 
of the present invention; and 
FIG. 3A ttirough 3D are graphs showing the polish- 
ing characteristics of the semiconductor wafers 
which were polished by the polishing apparatus of ss 
the present invention and the conventional polish- 
ing apparatus. 



DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Next, a polishing apparatus according to an embod- 
iment of the present invention will be described below 
with reference to FIGS. 1 through 3. 

FIG. 1 shows main components of the polishing 
apparatus according to the present invention. As shown 
in FIG. 1 , a polishing apparatus comprises a turntable 
11 having a polishing surface i.e., an upper surface to 
which a polishing cloth 12 is attached, a top ring 15 for 
holding a semiconductor wafer 13 to be polished and 
pressing the semiconductor wafer 13 against the polish- 
ing cloth 12, and an abrasive liquid nozzle 18 for supply- 
ing an abrasive liquid containing abrasive grains onto 
the polishing cloth 12. The turntable 11 is rotatable 
about its own axis by a motor (not shown). The top ring 
1 5 is connected through a gimbal mechanism such as a 
spherical bearing (not shown) to a top ring shaft 16 
which is coupled to a motor (not shown) and an air cyl- 
inder (not shown). The top ring 15 is also provided with 
an elastic pad 17 of polyurethane or the like on the 
pressing surface, i.e., the lower end surface. The semi- 
conductor wafer 13 is held by the top ring 15 in contact 
with the elastic pad 17. The top ring 15 also has a cylin- 
drical retaining portion 15a on an outer circumferential 
edge thereof for retaining the semiconductor wafer 13 
on the lower end surface of the top ring 15. Specifically, 
the retaining portion 15a has a lower end projecting 
downwardly from the lower end surface of the top ring 
15 for holding the semiconductor wafer 13 on the elastic 
pad 17 against disengagement from the top ring 15 
under frictional engagement with the polishing cloth 12 
during a polishing process. 

In operation, the semiconductor wafer 13 is held 
against the lower surface of the elastic pad 17 which is 
attached to the lower end surface of the top ring 1 5. The^ 
semiconductor wafer 13 is then pressed against the pol- 
ishing cloth 12 attached to the polishing surface, i.e., the 
upper surface of the turntable 1 1 by tiie top ring 1 5, and 
tiie turntable 11 and the top ring 15 are rotated inde- 
pendentiy of each other to nrKyve the polishing doth 12 
and the semiconductor wafer 13 relatively to each other, 
thereby polishing the semiconductor wafer 13. The 
abrasive liquid supplied from the abrasive liquid supply 
nozzle 18 comprises an alkaline liquid containing abra- 
sive grains of fine particles suspended therein, for 
example. The semiconductor wafer 13 is therefore pol- 
ished by a combination of chemical polishing and 
mechanical polishing. 

The turntable 1 1 comprises an upper plate 20 and 
a lower plate 21. A fluid passage 23 is defined between 
the upper and lower plates 20 and 21 to allow cooling 
water to pass therethrough. The upper plate 20 is 
securely fixed to the lower plate 21 at the outer periph- 
ery of the upper plate 20. The outer peripheral portions 
of the upper and lower plates are sealed by an O ring 
(not shown) interposed therebetween. 
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The lower plate 21 has at Its lower end a shaft por- 
tion 21a which Is coupled to the motor (not shown). A 
fluid passage 24 is defined in the shaft portion 21a and 
the lower plate 21 . The fluid passage 24 Is connected to 
a tank 26 through a rotary joint 25 and a piping 31. A 
pump 27, a valve 28 and a pressure gage 29 are pro- 
vided between the tank 26 and the rotary joint 25. The 
cooling water stored in the tank 26 is pressurized by the 
pump 27 and supplied to the fluid passage 23 between 
the upper and lower plates 20 and 21 through the piping 
31 . the rotary joint 25 and the fluid passage 24, and is 
returned to the tank 26 through the fluid passage 24. the 
rotary joint 25 and the piping 31 . 

The pressure of the cooling water is adjusted by 
regulating the valve 28. and is monitored by the pres- 
sure gage 29. A cooling device 30 is provided In the 
tank 26 to cool water in the tank 26. The frictional heat 
generated in the polishing process is absoibed by the 
cooling water flowing through the fluid passage 23 
defined in the turntable 1 1 to prevent temperature rise 
on the upper surface of the turntal>le 1 1 and to thus pre- 
vent excessive or undesirable deformation of the upper 
surface of the turntable 1 1 caused by thennal expansion 
of the turntable 11. 

The upper and lower plates 20 and 21 are made up 
of a material having coefficient of thermal expansion of 
not more than SxlQ'^/'C. Materials such as austenitic 
cast iron having low coefficient of thermal expansion are 
suited for the turntable. The austenitic cast iron has tow 
coefficient of thenmal expansion, and possesses excel- 
lent castabllity. machlnabillty and vibration absort>lng 
characteristics. By application of materials of low coeffi- 
cient of thermal expansion to the turntable, it is possible 
to prevent the upper surface of the turntable 1 1 from 
being excessively or undesirably deformed into a con- 
vex shape even when frictional heat is generated during 
polishing. 

FIG. 2 shows a condition of the turntable 1 1 when 
the f luxi passage 23 is filled with pressurized cooling 
water. 

The upper surface of the upper plate 20 is 
deformed by pressure of the cooling water into a convex 
shape whose rate is exaggerated in the figure for the 
sake of illustrative clarity because the outer periphery of 
the upper plate 20 is securely heki by the flange 1 9 and 
sealed by tiie O ring (not shown). The deformation of 
the upper plate 20 leads to a central portion of the upper 
surface higher than the outer peripheral portion of the 
upper surface by 9 to 100 pm. This camber or bowing 
corresponds to a spherical surface having a radius r of 
curvature ranging from 500 to 5,000 m in case of the 
turntable having a diameter of 600 mm. 

A suitable range of pressure of the cooling water is 
in the range of 1 kgf/cm^ to 10 kgf/cm^. and preferably 
is akx}ut 2 kgf/cm^. The purpose of supplying cooling 
water is not only to make the upper surface of the turn- 
table a spherical surface having a suitable radius of cur- 
vature but also to cod the upper surfoce, i.e.. the 



polishing surface of the turntable. This cooling of the 
turntable prevents temperature rise of the turntable 
caused by heat generated in the polishing process to 
thus keep a desired radius of curvature in the upper sur- 

5 face of the turntable. Therefore, in parallel with selection 
of material having low coefficient of thermal expansion, 
the cooling effect of the cooling water prevents the 
excessive or undesirable deformation of the turntable, 
especially the upper plate 20. 

10 The top ring 15 has a lower end surface, i.e. a 
pressing surface for pressing the semiconductor wafer 
against the upper surface of the turntable, which is 
formed by lapping into a spherical surface of a concave 
shape or a convex shape. The radius of curvature of the 

15 spherical surface of the top ring 1 5 is in the range of 500 
to 5,000 m. This values conrespond to a heigtrt differ- 
ence ranging from 1 .0 to 1 1 .0 fim between the central 
portion and the outer peripheral portion of the lower end 
surface of the top ring 1 5. The leipping is suited for form- 

20 ing a slightly concave or convex surface rather than a 
perfect flat surface. 

FIGS. 3A through 3D show comparative results of 
an experiment in which semiconductor wafers were pol- 
ished by tiie polishing apparatus of the present inven- 
ts tion and the conventional polishing apparatus. FIGS. 3 A 
and 3B show the results obtained by the conventional 
polishing apparatus, and FIGS. 3C and 3D show the 
results obtained by the polishing apparatus of the 
present invention. The top ring used in the experiment 

30 had a lower end surface which was formed into a con- 
cave surface whose central portion is deeper than the 
peripheral portion by approximately 1.0 pan. This config- 
uration corresponds to a spherical surface having a 
radius of curvature of approximately 5,000 m. 

35 FIG. 3A shows measurements of flatness in the 
upper surface of the conventional turntable, and FIG. 
3C shows measurements of flatness in the upper sur- 
face of the turntable having a radius of cun/ature of 
about 2.300 m in the present invention. In FIGS. 3A and 

40 3C. tiie horizontal axis represents a distance (mm) from 
the center of tiie turntable, and the vertical axis repre- 
serrts flatness of the turrrtable. 

As shown in FIG. 3 A, the conventional turntable has 
a surface irregularity of 2 to 3 jim with respect to its cen- 

45 tral portion. As shown in FIG. 3C, the turntable of the 
present invention has a convex upper surface whose 
central portion is higher than the peripheral portion by 
approximately 20 ^m. This configuration corresponds to 
a spherical surface having a radius of curvature of 

50 approximately 2,300 m. The surface irregularity of the 
turntable is in the range of 2 to 3 nm as in the conven- 
tional turntable. In tx)th cases of FIGS. 3A and 3C, the 
turntable had a diameter of 600 mm and tiie top ring 
had a diameter of 200 mm. 

55 FIG. 3B shows the results of measurements in 
which a semiconductor wafer was polished using the 
turntable of FIG. 3A. FIG. 3D shows the results of meas- 
urements in which a semiconductor wafer was polished 



7 

using the turntable of FIG. 3C. The semiconductor 
wafers used in the experiments were an 8-inch semi- 
conductor wafer, i.e.. the semiconductor wafer having a 
large diameter of 200 mm. In FIGS. 3B and 3D, the hor- 
izontal axis represents a distance (mm) from the center 5 
of the semiconductor wafer, and the vertical axis repre- 
sents a thickness (A) of a material removed from the 
semiconductor wafer. 

As shown in FIG. 3B. the uniformity of the amount 
of removed material in the radial direction of the semi- 10 
conductor wafer is 8.2 %. In contrast, as shown in FIG. 
3D, the uniformity of the amount of removed material in 
the radial direction of the semicorductor wafer is 2.8 %. 

As demonstrated by the above two examples, 
although the top ring has the same lower surface con- is 
tour In both cases, the uniformity of the amount of 
removed material across the whole diameter of the 
semiconductor wafer is significantly improved by using 
the turntable having a slightly convex upper surface 
whose radius of curvature is 2,300 m. compared with 20 
the conventional turntable having a flat upper surface. 

The experimental results prove that in case of using 
the top ring having a concave lower end surface and the 
turntable having a flat upper surfoce, the top ring con- 
tacts the semiconductor wafer primarily at the outer 2s 
peripheral portion thereof to apply excessive pressure 
to the outer peripheral portion, so that the amount of 
material renrwved from the peripheral, portion of the 
semiconductor wafer is greater than the anKDunt of 
material removed from other region of the semiconduc- so 
tor wafer to thus degrade the uniformity of the amount of 
removed material In the radial direction of the semicon- 
ductor wafer. 

In the atX3ve experiment, the top ring had a concave 
lower end surface whose cereal portion is deeper than 3S 
the outer peripheral portion by approximately 1 .0 \im. In 
case of using the top ring having a convex lower end 
surface whose central portion is higher than the outer 
peripheral portion by approximately 1.5 ^m and the 
turntable having the same convex upper surface as that 4o 
in the above experiment, the uniformity of the amourrt of 
removed material dropped slightly and was approxi- 
mately 3.5 %. The dimension of 1 .5 jim corresponds to 
a radius of curvature of 3,300 m. In other words, a com- 
bination of the turntable 1 1 with a convex polishing sur- 45 
face and the top ring 15 with a concave pressing surface 
creates that the polishing surface of the turntable and 
the pressing surface of the top ring are in parallel to 
each other over the entire pressing surface of the top 
ring to thereby apply uniform polishing pressure over so 
the entire surface of the semiconductor wafer. 

In the above embodiment, the workpiece to be pol- 
ished by the polishing apparatus has been described as 
a semiconductor wafer. However, the polishing appara- 
tus according to the present invention may be used to ss 
polish other workpieces including a glass product, a liq- 
uid crystal panel, a ceramic product, etc. 

Although a certain preferred emtxxliment of the 
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present invention has been shown and described in 
detail, it should be understood that various changes and 
modifications may be made therein without departing 
from the scope of the appended claims. 

According to its broadest aspect the invention 
relates to an apparatus for polishing a surface of a work- 
piece, said apparatus comprising: a turntable having a 
polishing surface; and a ring having a pressing surface 
for holding a workpiece to be polished and pressing the 
workpiece against said polishing surface of said turnta- 
ble. 

Claims 

1 . An apparatus for polish! ng a surface of a workpiece . 
said apparatus comprising: 

a turntable having a polishing surface: and 
a top ring having a pressing surface for holding 
a workpiece to be polished and pressing the 
workpiece against said polishing surface of 
said turntable; 

wherein at least one of said polishing 
surface of said turntable and said pressing sur- 
face of said top ring is a curved surface. 

2. An apparatus according to daim 1, wherein said 
curved surface of said turntable is a convex surface. 

3- An apparatus according to claim 2, wherein said 
turntable comprises an upper plate and a lower 
plate, a fluid passage is defined between said 
upper plate and said lower plate, and said convex 
surfeice of said turntat)le is formed by pressure of 
fluid supplied to said fluid passage. 

4. An apparatus according to claim 2. wherein said 
curved surface of said top ring is a concave suriace. 

6. An apparatus according to claim 1 , further compris- 
ing: 

an elastic p>ad attached to said pressing sur- 
face of said top ring; and 
a polishing cloth attached to said polishing sur- 
face of said turntable. 

6- An apparatus according to claim 1. wherein said 
curved surface is a spherical surface having a 
radius of curvature ranging from 500 to 5.000 m. 

7. A polishing apparatus according to daim 1 , wherein 
said turntable is made of a material having low 
coefficient of thernnal expansion. 

8. A polishing apparatus according to daim 7. wherein 
said material of said turntable has coefficient of 
thermal expansion of not more than 5x10'^/°C. 
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9. An apparatus for polishing a surface of a workpiece, 
said apparatus comprising: 

a turntable having a polishing surface; and 
a top ring having a pressing surface for holding s 
a workpiece to be polished and pressing the 
workpiece against said polishing surface of 
said turntable: 

wherein said polishing surface of said 
turntable is a spherical convex surface having a io 
radius of curvature ranging from 500 to 5.000 
m, 

1 0. An apparatus for polishing a surface of a workpiece. 
said apparatus comprising: is 

a turntable having a polishing surface; and 
a ring having a pressing surface for holding a 
workpiece to be polished and pressing the 
workpiece against said polishing surface of 20 
sad turntable. 
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